SUMMARY Echocardiographic and necropsy studies were performed in 304 patients with various cardiac diseases. The overall prevalence of disproportionate ventricular septal thickening (septal to free wall ratio > 1.3) was 10%. However, it was related to the type of cardiac lesion. Prevalence was high (> 20%) in pulmonary stenosis or primary pulmonary hypertension, lower (< 15%) in Eisenmenger syndrome or aortic or mitral valvular disease and was not present in atrial or ventricular septal defect. In right ventricular overload, prevalence of disproportionate septal thickening correlated with increasing ventricular systolic pressure.
ASYMMETRIC SEPTAL HYPERTROPHY (ASH) is a genetically transmitted disease of cardiac muscle that is characterized by disproportionate thickening of the ventricular septum in relation to the posterobasal left ventricular free wall.1'7 We8 and others' 24 have observed that disproportionate septal thickening, or clinically evident hypertrophic cardiomyopathy, also may occur in association with other cardiac diseases. However, it is not known how commonly such an association occurs, nor whether in such patients the disproportionate septal thickening is primary (i.e., genetically transmitted) or is a secondary consequence of the patient's hemodynamic state. Therefore, this study was undertaken to determine 1) the prevalence of disproportionate septal thickening in a group of patients with a variety of acquired or congenital heart diseases and 2) whether or not disproportionate septal thickening in such patients is a manifestation of an etiologically separate cardiac disorder (genetically transmitted ASH) occurring coincidently with the patient's basic cardiac abnormality.
Selection of Patients
Patients Studied ing 197 patients comprise the study group summarized in table 1. Patients ranged in age from one to 76 years (mean 40); 32 of the 197 patients were less than 16 years of age. One hundred and six patients were female and 91 were male. The severity of disease was pronounced: with the exception of three patients with mild pulmonary valvular stenosis and 13 patients with Eisenmenger syndrome, all other patients were judged to have sufficient functional limitation or hemodynamic stress to warrant operation.
Each patient studied by echocardiography had hemodynamic and/or angiographic studies. The preoperative echocardiogram recorded closest to the time of cardiac catheterization was used for interpretation. The time from cardiac catheterization to recording of the echocardiogram was less than one year (median seven days) in 174 of the 197 patients.
For comparison, echocardiograms were analyzed in 84 symptomatic adult patients with typical genetically transmitted ASH, including 37 with obstruction to left ventricular outflow under basal conditions, 14 with obstruction only with provocative maneuvers (isoproterenol infusion or Valsalva maneuver) and 33 without obstruction under basal conditions or with provocation. These patients were evaluated at the NHLBI from 1972 to 1974. In addition, echocardiograms were analyzed in 101 first degree relatives (44 affected and 57 unaffected) of patients with ASH and in 107 normal subjects without evidence of cardiovascular disease.
Echocardiograms were also performed in 59 first degree relatives (offspring, parents and siblings) of 10 of the 14 patients with echocardiographically determined disproportionate septal thickening and four of the 16 patients with disproportionate septal thickening identified at necropsy. Ages ranged from eight to 79 years (mean 38). The number of subjects studied in each family ranged from two to seven (average four). 
Statistical Methods
Data were compared and analyzed using Student's t or chi square tests where appropriate.
Results

Echocardiographic Findings
Ventricular septal and posterobasal left ventricular free wall thicknesses and septal-free wall ratios in each of the 197 patients studied by echocardiography are shown in figures 1-4. Mean ventricular septal thickness was 12.7 ± 0.3 mm (SEM), mean posterobasal left ventricular wall thickness was 11.8 ± 0.2 mm and mean septal-free wall thickness ratio was 1.05 ± 0.01. In 14 (7%) of the 197 patients the septalfree wall ratio was 1.3 or greater, which met our criteria for disproportionate ventricular septal thickening.2 5. 25 Septalfree wall ratios in eight of these 14 patients were 1.3 or 1.4 and in the other six patients were 1.5 or greater.
In figure 5 the distribution of septal-free wall ratios for the 197 patients with associated cardiac diseases studied by echocardiography is compared with 84 adult patients with typical ASH (range of septal-free wall ratios 1.3 to 3.0; mean 1.9 ± 0.04),2, 3 25 as well as with the 107 patients having acquired or congenital heart disease studied at necropsy None of the 197 echocardiograms in this study showed systolic anterior motion of the anterior mitral leaflet. The prevalence of disproportionate septal thickening in each subgroup of patients according to cardiac lesion is shown in figure 7.
(described in detail below). In figure 6 the 197 patients are compared with 101 first degree relatives of patients with typical ASH studied by echocardiography' and 107 normal subjects. It is evident from figures 5 and 6 that the distribution of septal-free wall ratios for the 197 patients with acquired or congenital cardiac diseases is separate and distinct from both the patients with ASH and the affected relatives of patients with ASH, although these three populations overlap at septal-free wall ratios of 1.3 and 1.4.
Septal-free wall ratios of the group of 107 normal subjects also overlap the values of the other patient groups at septalfree wall ratios of 1.3 and 1.4 ( fig. 6 ). However, the normal group contrasts with the other patient groups in that only two (1.9%) of 107 subjects had disproportionate septal thickening. The septal-free wall ratios of the normal subjects ranged from 0.9 to 1.4 (mean 1.01 ± 0.01).
Ventricular septal thicknesses in the 14 patients with disproportionate septal thickening and associated cardiac diseases studied by echocardiography ranged from 14 The overall prevalence of disproportionate septal thickening in the study group (patients studied by echocardiography or at necropsy) was 10% (30 of 304 patients; fig. 7 ). Although the number of patients studied within each cardiac disease subgroup is small, prevalence of disproportionate septal thickening appears to be relatively high (>20%) in patients with pulmonary valvular stenosis or primary pulmonary hypertension, relatively low (<15%) in patients with Eisenmenger syndrome, isolated aortic or mitral valvular disease or combined aortic and mitral valvular disease, and zero in patients with atrial or ventricular septal defect and left-to-right shunt. Although the number of patients studied with discrete subaortic stenosis, supravalvular aortic stenosis or cor pulmonale was small, the prevalence would appear to be very low. The relation between right ventricular systolic pressure and septal-free wall ratio is shown in figure 9 for 124 patients VOL 55, No 3, MARCH 1977 (in whom appropriate hemodynamic data were available) with cardiic lesions producing predominant right ventricular overload. The prevalence of disproportionate septal thickening correlated with increasing right ventricular systolic pressure. Disproportionate septal thickening was not present in the 30 patients with right ventricular systolic pressure of 40 mm Hg or less, but was present in three (10%) of the 29 patients with right ventricular systolic pressure of 41-60 mm Hg and in 11 (17%) of the 65 patients with right ventricular systolic pressure over 60 mm Hg (P < 0.05). However, in 145 other patients with cardiac lesions producing left ventricular or combined left and right ventricular overload, no such relation existed.
Analysis of Family Members
In 58 of the 59 first degree relatives of patients with disproportionate septal thickening and associated cardiac diseases, echocardiograms showed normal septal-free wall ratios. In the remaining subject (the father of a patient with primary pulmonary hypertension who did not have disorganized cardiac muscle cells in the ventricular septum at necropsy), the echocardiogram showed disproportionate septal thickening with septal-free wall ratio of 1.4 and systolic anterior motion of the anterior mitral leaflet. For the total group of 59 first degree relatives, ventricular septal and posterobasal left ventricular wall thicknesses ranged from 8 to 16 mm (mean 11); septal-free wall ratios ranged from 0.9 to 1.4 (mean 1.0).
Discussion
The results of this study indicate that disproportionate ventricular septal thickening occurs in patients with a variety of acquired or congenital cardiac diseases. When considered from the standpoint of specific associated cardiac lesions, the prevalence of disproportionate septal thickening was high (>20%) in patients with severe right ventricular pressure overload (primary pulmonary hypertension or pulmonary valvular stenosis). Although present less frequently I.5F- The disproportionate septal thickening that was present in the vast majority of patients in this investigation probably resulted from the hemodynamic stresses produced by the underlying cardiac abnormality. This conclusion is supported by the fact that of the patients with right ventricular overload, disproportionate septal thickening was present only in those with elevated right ventricular systolic pressure. Nevertheless, our data show that right ventricular hypertension is not the sole factor responsible for the genesis of disproportionate septal thickening. Indeed, isolated left ventricular overload itself may be associated with disproportionate septal thickening; about 10% of our patients with normal right ventricular pressure and left ventricular overload showed disproportionate septal thickening.
Although the majority of our patients with disproportionate septal thickening and associated cardiac diseases had septal-free wall thickness ratios of only 1.3 or 1.4, about one-third had ratios >1.5. This indicates that while disproportionate septal thickening secondary to associated cardiac lesions is likely to be mild, larger ratios do not distinguish between secondary septal thickening and genetically transmitted ASH. Likewise, although there is a tendency for patients with markedly thickened septa to have genetically transmitted ASH, there appears to be no upper limit that would discriminate between this entity and secondary disproportionate septal thickening.
In this and previous studies2'2s, 25 we defined disproportionate ventricular septal thickening as a septal-free wall thickness ratio of 1.3 or greater. Other investigators,4' 9 however, have advocated using a septal-free wall thickness ratio of 1.5 or 1.6 as being more specific. Our data (figs. 5 and 6) indicate that although an occasional, presumably normal subject has a septal-free wall thickness ratio of 1.3 or 1.4, about 10% of symptomatic adult patients-with typical genetically transmitted ASH also have ratios in this range. Thus, although a septal-free wall ratio of at least 1.5 would increase diagnostic specificity, it also would diminish sensitivity.
On the basis of these findings, the question arises as to how genetically transmitted ASH can be excluded as a cause of an abnormal septal-free wall ratio in 1) the occasional otherwise normal individual with a septal-free wall ratio of . 
